SUMMARY The effect of ethanol upon gastric emptying in healthy human subjects was studied by measuring the gastric emptying rates of three 750 ml meals, the osmolalities, energy densities, and pH of which were similar. Meal A, which contained 80 ml alcohol, emptied more rapidly than meal B, which contained 40 ml ethanol and 63-3 g dextrose; and meal B emptied more rapidly than meal C, which contained 126-6 g dextrose but no ethanol. The slower rate of emptying of the dextrose meal (C) was not due to an increased gastric secretory rate, as serial measurements of gastric pH were substantially and significantly higher with this than with the other two meals; nor was it due to a greater degree of duodenogastric reflux, as serial measurements of gastric bile acid concentrations were similar for the three meals. We conclude that the duodenal osmoreceptor mechanism is relatively insensitive to ethanol; that the relationship between energy density and gastric emptying rate does not hold in the case of ethanol; and that the gastro-oesophageal reflux which occurs in response to ethanol is not due to impairment of gastric emptying.
Recently we reported that alcohol induces gastrooesophageal reflux in healthy individuals (Kaufman and Kaye, 1978 Each test meal had a volume of 750 ml and pH of 7.
The method is based upon that described by George (1968) . After an overnight fast, a 14 French Salem sump tube was passed through the mouth into the stomach, and its tip positioned between 50 and 55 cm from the incisors. Fasting gastric juice was aspirated and retained. The position of the tube was checked by ensuring that at least 45 ml of a 50 ml volume of saline instilled through it could be aspirated. The tube was taped in position and the test meal instilled into the stomach by gravity drainage over a period of approximately three minutes. The order of administration of the three meals was 688 randomised. For 90 minutes after the test meal was introduced (time 0), and at 15 minute intervals, 5 ml samples of gastric contents were aspirated. After each aspiration, 10 ml phenol red solution (0 5 mg per ml) were transferred by pipette into a syringe from which the plunger had been withdrawn, and injected into the stomach through the tube. Mixing was achieved by serial aspiration and injection of gastric contents and by rocking motions of the supine subjects. One minute after injection of the phenol red, a second 5 ml sample of gastric contents was removed. At the end of the 90 minute study period, the stomach was emptied by aspiration and the residual volume recorded. pH was measured by means of glass electrode and a radiometer PHM 62 pH meter on samples obtained at times 0, 15, 30, 45, 60, 75 , and 90 minutes.
Phenol red concentration was measured in samples obtained at times 15, 30, 45, 60, 75 , and 90 minutes. After centrifugation to remove mucus, a 0 5 ml aliquot of the gastric sample was added to 2-5 ml of a tri-sodium phosphate buffer solution (27-5 g/l) and the mixture made up to 10 ml with distilled water. The optical density developed was measured at 560 m,. on a Gilson spectrophotometer. Phenol red concentrations were determined by reference to a standard curve.
The volume remaining at a given point in time was obtained from the formula V= V2(C2-C3)/ C3-C,, where V1 is volume remaining, V2 is the volume of marker added to V1, C1 is the initial concentration of marker in V1, C2 is the concentration of the added marker, and C3 is the final concentration of the mixture. To estimate duodenogastric reflux in response to the different meals, gastric concentrations of glycocholic acid and glycochenodeoxycholic acid were measured by radioimmunoassays specific for these bile acids (Demers and Hepner, 1976; Simmonds et al., 1973) in samples obtained at times 0, 30, 60, and 90 minutes.
Blood ethanol concentrations were measured spectrophotometrically by a method based upon that described by Bonnichsen and Theorell (1951) in blood samples obtained at times 15, 30, 45, 60, 75, and 90 minutes, on days when the test meal administered contained ethanol (meals A and B). Results In nine of the 10 subjects, satisfactory curves for gastric emptying were obtained. In one, who was somewhat uncooperative, adequate mixing of gastric contents after phenol red injection could not be achieved, and the curves were erratic. The data from this subject have been excluded. The results described pertain to the remaining nine subjects. 
GASTRIC EMPTYING
Curves depicting emptying of the three meals are shown in Fig. 1 . The dextrose meal (C) emptied much more slowly than the ethanol-dextrose meal (B), which in turn emptied more slowly than the ethanol meal (A). Differences between meals A and C, and B and C were statistically significant (P < 0-01, Wilcoxon's rank sum test, two tailed) at all time points. Differences between meals A and B were statistically significant (p <0-05) at 15, 30, and 45 minutes. At subsequent time points, the differences failed to reach statistical significance (p > 0-05). From a semi-logarithmic plot (Fig. 2) , it is apparent that the curve for emptying of the dextrose meal con- formed to an exponential function, and that the curves for the other two meals are exponential after the first 15 minutes. Emptying during the initial 15 minute period was more rapid with these meals than during the remainder of the study period, especially in the case ofthe ethanol meal. The difference between the ethanol and ethanol-dextrose meals is attributable in large part to the more rapid evacuation of the ethanol meal during the first 15 minutes, for, thereafter, the slopes for emptying of the two meals are similar.
GASTRIC pH
In response to the dextrose meal, there was profound inhibition of gastric acid secretion, evidenced by a progressive rise in gastric pH in all subjects. In contrast, gastric pH fell steadily after the ethanol and ethanol-dextrose meals (Fig. 3) . With the two latter meals, mean values for gastric pH at each time point were almost identical. The differences between the dextrose meal and the other two meals are statistically highly significant (p <001, Wilcoxon's rank sum test, two tailed) for each time point.
GASTRIC BILE ACID CONCENTRATIONS
These rose significantly after each of the three meals (Fig. 4) . Each therefore provoked some regurgitation of duodenal contents. For any given time point, the differences in concentrations between the three meals are not significant. If the total amounts of intragastric bile acids (volume remaining x bile acid concentration) are plotted, differences between the three meals increase but do not reach statistical significance (p > 0-1).
BLOOD ETHANOL CONCENTRATIONS
These are shown in Fig. 5 . Peak mean concentrations (mean ±SD) were 1-04 +0-20 and 0-31 ±0-08 g/1 and occurred 45 and 75 minutes after administration of the ethanol and ethanol-dextrose meals respectively.
Discussion
Previous studies designed to examine the influence of ethanol upon emptying of the human stomach have been few. Hunt and Pathak (1960) Cooke (1970 Cooke ( , 1972 reported that emptying was unaffected by ethanol in concentrations of 6 g/100 ml but slowed at higher concentrations. On the other hand, Harichaux et al. (1970) , who studied emptying by a less sensitive and less accurate radiographic technique, observed acceleration of emptying by ethanol in low concentrations, but slowing at higher concentrations. One of the factors which tends to confound interpretation of studies of gastric emptying is the lack of a universally accepted reference solution against which the effect of other solutions can be compared. Numerous test meal variables, including hydrogen ion concentrations (Hunt and Knox, 1969) osmolality (Hunt and Pathak (1960) , fat (Roberts, 1931) , amino acids (Thomas and Crider, 1939) , and energy density (Hunt and Stubbs, 1975) have been shown to influence the rate of gastric emptying. As ethanol has both osmotic and calorigenic properties, our study was designed to compare emptying of an ethanol meal with that of a meal with identical osmolality, energy density, and hydrogen ion concentration. In the circumstances of the study conditions, the emptying of the ethanol meal was much more rapid than that of a dextrose meal of similar osmolality and energy density. The rate of emptying with the third meal, which contained both ethanol and dextrose, was intermediate between that of the other two solutions, though it approximated more closely to the meal which contained ethanol only. Indeed, when the rates of emptying are plotted semilogarithmically (Fig. 2) , it can be seen that the difference between the ethanol and the ethanoldextrose meals is due chiefly to the more rapid emptying of the ethanol meal during the first 15 minutes. Thereafter, the slopes which describe the rate of emptying for these two solutions are similar. It should be noted that emptying of these two solutions after the initial 15-30 minutes conforms to an exponential function, whereas during the initial period it does not.
Several possible reasons for the differences in emptying rates between the three meals require consideration. Firstly, as ethanol is absorbed from the stomach (Hogben et al., 1957; Cooke and Birchall, 1969) , it could be argued that the more rapid rate of emptying of the ethanol meal was due to such intragastric absorption rather than to a more rapid rate of delivery of gastric contents to the duodenum. Though possibly contributory, this factor cannot account for the total difference, as the volume of ethanol in the ethanol meal was 80 ml, whereas the mean difference between the ethanol and dextrose meals in the volume of gastric contents remaining after 15 minutes was approximately 277 ml. Secondly, it is possible that gastric absorption of ethanol might have led to a reduction in osmolality of gastric contents and, secondarily, duodenal contents. Again, it seems unlikely that this factor could account for a major proportion of the difference in emptying rates, particularly as this difference was so striking during the initial 15 minutes' period after administration of the meals. A third possibility, that the relative delay in emptying with the dextrose solution might reflect an increased gastric secretory response to this particular meal, can be excluded with confidence. For, although gastric secretory rates were not measured quantitatively, intragastric pH fell progressively, indicating active gastric secretion, after the ethanol and ethanol-dextrose meals, whereas it rose sharply and then remained at high levels, indicating rather profound inhibition of secretion, after the dextrose meal (Fig. 3) . Inhibition of gastric acid secretion by intraduodenal carbohydrate has been well documented (Day and Komarov, 1939; Sircus 1958, Konturek and Grossman, 1965) . However, the magnitude of inhibition which we observed was perhaps greater than might have been anticipated from previously published studies.
A fourth possibility, that relative delay in emptying of the dextrose meal might be due to a larger retrograde flow of duodenal contents after this meal than after the other two meals, merits some consideration. The observation that serial values for intragastric bile acid concentrations after the three meals were similar (Fig. 4) , whereas intragastric volumes were substantially greater after the dextrose meal, suggests that a greater degree of duodenogastric reflux might have occurred in response to this latter meal. However, differences between the meals with respect to total intragastric bile acids did not achieve statistical significance. Moreover, bile acid concentrations remained low (less than 5 [mol/l) throughout the study period after the dextrose meal in four of the nine subjects analysed, yet, in these same four subjects, the dextrose meal emptied much more slowly than the other meals. Although, as delivery of bile to the duodenum is intermittent, the measurement of intragastric bile acids provides an estimate, rather than precise quantification, of duodenogastric reflux, we believe that it is highly unlikely that a greater degree of such reflux was responsible for the slower emptying of the dextrose meal.
Finally, it is possible that the duodenal osmoreceptor mechanism is less sensitive to ethanol than to dextrose. This would appear to be the most likely explanation for the observed differences in emptying rates and is in accord with the observations of Hunt and Pathak (1960) who reported that solutions of ethanol emptied more rapidly than solutions of glucose with similar osmotic activity. Hunt and Stubbs (1975) The initial stimulus to this study arose from our observations (Kaufman and Kaye, 1978 ) that ethanol induces gastro-oesophageal reflux. Our current findings allow a firm conclusion that this effect of ethanol is not due to an impairment of gastric emptying. 
